Abstract The effect of no-tillage and conventional tillage practices on the nitrous oxide (N 2 O) emissions from the upland soil was evaluated in the cultivation of soybean in the temperate climate from June 2014 to September 2015 in Korea. In addition, we investigated the links between N 2 O emitted from field soil and different kinds of fertilizers. An experimental plot was composed of two main sectors that were no-tillage and conventional tillage, and then they were subdivided into four plots according to types of fertilizers: CF, chemical fertilizer, LP, liquid pig manure, HV, hairy vetch, and NF, non-fertilizer. The monthly averages of N 2 O emissions were significantly different from each other during the growing seasons of soybean; in July, N 2 O emission was significantly the highest, whereas, in September, its emission was the lowest (LSD, p = 0.05). In 2015, compared to those treatments in conventionally-tilled soils, the cumulative N 2 O emissions in NK, CF, HV, and LP of no-tilled soils were reduced by 20, 28.7, 35.7, and 28.1 %, respectively (LSD, p = 0.05). It was shown that N 2 O emission was significantly reduced in the different fertilizer treatments of no-tilled soils, compared to those of conventionally-tilled soils, respectively. Furthermore, the cumulative N 2 O emission in notilled soils was reduced by 0.03-0.09 kg N 2 O compared to that in tillage soils. It was found that soil N 2 O emission was about 11 % less in LP than in CF. Results obtained from our study indicate that the use of no-tillage practice and liquid pig manure, rather than tillage practice and chemical fertilizer, can decrease the N 2 O emission.
Introduction
The concentration of greenhouse gas released to the atmosphere since the 18th century has been gradually increased and the resulting global warming issues have been raised (IPCC 2007) . Anthropogenic activities, such as the destruction of forestry, the chemical production in the industry, and the combustion of fossil fuels, have increased the concentrations of carbon dioxide (CO 2 ) in the atmosphere, along with those of other trace gases including methane (CH 4 ), nitrous oxide (N 2 O), hydrofluorocarbons (HFCs), sulfur hexafluoride (SF 6 ), and perfluorocarbons (PFCs). Among others, the global atmospheric concentration of N 2 O has been increased at approximately 0.3 % annually (IPCC 2007) . Since N 2 O is well known as a strong greenhouse gas with a global warming potential (GWP) much greater than the carbon dioxide (CO 2 ), its emission to the atmosphere has recently received much attention carbon dioxide (CO 2 ) (IPCC 2001; Forster et al. 2007) . N 2 O was involved in the depletion of the ozone (O 3 ) layer in the stratosphere, which protects plants and animals from much of the sun's harmful ultraviolet radiation (Ravishankara et al. 2009 ). Agricultural emissions are generated by the fertilizer and manure management (approximately 5 Tg N 2 O-N year -1 ) and from the natural soils (approximately 6.5 Tg N 2 O-N year -1 ), respectively, accounting for 56-70 % of the global anthropogenic N 2 O emission (IPCC 2007; Syakila and Kroeze 2011) . The transformation of N to N 2 O has been related mainly to two biological processes: the loss of N as N 2 O during the nitrification of NH 4 ? under aerobic conditions, and the reduction of NO 3 -under anaerobic conditions. In managed and natural soils, approximately 70 % of global N 2 O emission is due to microbial nitrification and denitrification (Firestone and Davidson 1989; Braker and Conrad 2011; Syakila and Kroeze 2011) . In addition, the soil N 2 O emission is affected by oxygen availability (Linn and Doran 1984) , temperature (Saad and Conrad 1993) , rainfall (Saad and Conrad 1993) , pH (Bandibas et al. 1994) available C fractions (Burford and Bremner 1975) , and mineral N availability such as ammonium and nitrate (Firestone and Davidson 1989; Smith et al. 1997) . It is important to understand the change of gas emissions by the nitrification and denitrification processes in soils and physicochemical properties of soil.
The adoption of conservation tillage systems, such as no-tillage (NT) and reduced tillage (RT), is gradually increased, primarily because they cause the reduction of greenhouse gases (Freney 1997; Mosier et al. 1998; Burney et al. 2010) , the improvement of soil and water quality (Hussain et al. 1999) , the more significant water efficiency (Lindwall and Anderson 1981) , and the reduced costs of agricultural production due to lower inputs of fuel and labor (Lindwall and Anderson 1981; Uri 1999) . Several studies have shown the benefits in terms of soil organic carbon sequestration when using NT over a broad range of edaphoclimatic conditions (Follett 2001; Baker et al. 2007) . Although the results regarding N 2 O emissions are conflicting, it was demonstrated that N 2 O fluxes were generally larger under NT than conventional tillage (CT) (MacKenzie et al. 1998; Ball et al. 1999; Vinten et al. 2002; Baggs et al. 2003) . However, it was reported that N 2 O emission was less under NT than under CT or its emission was similar to each other in both NT and CT (Kessavalou et al. 1998; Choudhary et al. 2002) . It was also suggested that the N 2 O emission could be reduced by the practice of NT due to the higher amount of soil water content and soluble forms of C in non-tilled systems (Aulakh et al. 1984; Ball et al. 1999) . Furthermore, Six et al. (2004) suggested that the emissions of N 2 O could be reduced when maintaining NT over time. These results are also supported by the findings of Kessel et al. (2013) . They conducted a meta-analysis on 239 direct comparisons between CT, NT, and RT and pointed out that, on average, both NT and RT did not show greater N 2 O emissions when compared with CT. However, they found a significant reduction in these emissions in long-term experiments ([10 years) under NT and RT practices, mainly in dry climates. Even if numerous authors researched the emission of N 2 O dependent on soil type, fertilization, and crop species (Bandibas et al. 1994; Smith et al. 1997; Kaiser et al. 1998; MacKenzie et al. 1998; Conen et al. 2000) , there are still uncertainties regarding N 2 O emission depending on tillage systems. Therefore, we need the concurrence of no-tillage effects on N 2 O emission according to various soil types, crop species, and climate. The objective of our study was to evaluate the effect of notillage and conventional tillage practices on N 2 O emissions in the cultivation of soybean in the temperate climate in Cheongju, Republic of Korea, from June 2014 to September 2015. In addition, we investigated the links between N 2 O emitted from field soil and the kinds of fertilizers.
Materials and methods

Site description and experimental design
The study was performed in the research farm of Chungbuk National University (36°62 0 N, 127°45 0 E, 69.31 m) in Cheongju, Republic of Korea, from June 2014 to September 2015. This region lies in the temperate zone with four seasons and has distinct monsoon wind. It was a relatively wet region owing to much more rainfall than the world average (Korea Meteorological Administration 2010). Information on air temperature and rainfall was obtained from an automatic weather station in the experimental site. Figure 2 shows the air temperature and precipitation in Cheongju, Republic of Korea, during the experiment period. The average air temperature was 22.4 ± 4.39 (SD)°C during the growing season of soybean (June to September), with a higher temperature between late July and early August. The texture of the experimental soil is loamy sand having 78.6 % sand, 17.4 % silt, and 4 % clay. Chemical properties of soil at the beginning of the experiment are detailed in Table 1 . An experimental plot that was 1000 m 2 in size was divided into two main plots that were no-tillage (NT) and conventional intensive tillage (CT), and each of these was further divided into four plots, i.e., four types of fertilizers (CF, chemical fertilizer; LP, liquid pig manure; HV, hairy vetch; and NF, non-fertilizer). Consequently, we had eight treatments (Table 2) : NT&CF, NT&LP, NT&HV, NT&NF, CT&CF, CT&LP, CT&HV and CT&NF. Tillage was totally suppressed in NT treatment, whereas CT treatment consisted of one pass of moldboard plow to 20 cm depth. In March, hairy vetch (Vicia villosa) was sown on CT&HV and NT&HV treatments at the seed rate of 8 kg/10a. Hairy vetch was cut with a lawn trimmer and its residue was applied to CT&HV and NT&HV as green manure. The site was cropped with a soybean, Glycine max (L.) Merrill, in early June. The liquid pig manure was obtained from a commercial farm, and the chemical properties of chemical fertilizer and liquid pig manure are detailed in Table 3 . They were evenly applied during each treatment according to standard N-P-K values (3-3-3.4) in early August.
Quantitative analysis of soil N 2 O emission
The emission of N 2 O from the soil to the atmosphere was measured with a closed chamber method (Hutchinson and Mosier 1981; Kim et al. 2002a ). The closed chamber method was used for soil gas fluxes, as this technique is both simple and cost effective, in addition to its proven ability for determining the soil-atmospheric gas exchange (Kim et al. 2002b) . During the growing season of soybean from mid June to late September, an acrylic cylindrical chamber base (d 0.35 m 9 h 0.208 m) was inserted into the soil to a depth of approximately 15 cm at the each planted subplot. The samples of the chamber were manually pulled into 50-mL syringes at 0 and 30 min after closure. The 50-mL plastic syringe with a three-way stopcock was used to collect gas samples. Gas samples were analyzed within 7 days by the gas chromatograph (Agilent 6890 N, USA) equipped with a l-electron capture detector (l-ECD) and a Porapak Q column (Stainless steel, 2 m 9 6.4 mm outside diameter). The oven was set at 70°C, the injector port at 80°C, and the l-ECD at 320°C. The carrier and the make-up gases for the system were nitrogen, and the flow rate of make-up gases was 30 mL min -1 . After obtaining the mean gas concentrations of the samples, soil gas fluxes were calculated by the following formula Kim et al. 2002a ):
where F is the flux (lg m -2 h -1 ), q is the density of the gas (mg m -3 ), V is the volume of the chamber (m 3 ), A is the bottom area of the chamber (m 2 ), DC/Dt is the average changing rate of concentration with time (ppb V h -1 ), and T is the average temperature in the chamber (°C).
Soil sampling and analyses
Soil samples were collected at six different positions adjacent to each N 2 O chamber. They were then mixed to form a composite sample. Soil samples were air-dried and sieved (\2 mm) for analysis. Soil pH measurements were performed using a pH meter (750P, Istek Inc., Seoul, Korea) from a combination of soil and water at a 1:5 (v/v) ratio. Soil total N (T-N) contents and OM were measured by the l-Kjeldahl method and the wet oxidation-redox titration method, respectively (Carter 1993) . The water-filled pore space (WFPS) in soil was calculated as follows (Linn and Doran 1984) : WFPS (%) = volumetric water content/total soil porosity * 100). Total soil porosity was calculated by the formula: [1-(soil bulk density (g cm -3 )/particle density of the soil)], with the particle density of the soil being assumed to be 2.65 g cm -3 . The volumetric water content was calculated by multiplying soil bulk density to the gravimetric water content. To measure the gravimetric water content, the soil samples were dried in the oven at 105°C until a constant weight was obtained. Soil bulk density was measured with a soil core sampler (5 cm in diameter and 5 cm in length) in the top 10 cm of soil. Samples were taken in all four locations of each plot in June 2014 and again in June 2015, immediately before and 8 days after tillage. Soil temperature was measured by alcohol thermometers that were placed vertically in the soil at approximately 10 cm soil depths.
Statistical methods
All analyses used SAS Version 8.2 (SAS Institute, Cary, NC, USA). All determinations were carried out in triplicate. The significance of mean differences was determined by Fischer's least significant difference (LSD) test. Pearson's correlation coefficients were calculated for analyzing the relationship of N 2 O emission with soil temperature and WFPS in soil.
Results and discussion
Temporal variations of N 2 O fluxes in soil during the growing season of soybean Figure 1 shows the temporal variations of the amounts of soil N 2 O emissions in the eight treatments ( (Kim and Na 2011; Yang et al. 2012) . They suggested that even if CT conventional tillage, NT no-tillage they were in the same climate zone, N 2 O emission from soil has been more stressed on upland soil rather than rice paddy soil. It was reported that the emission rate of N 2 O from rice paddy field to the atmosphere was much lower than that in the upland soil (Mosier et al. 1989; Buresh et al. 1991; Kim et al. 2002a; Xing et al. 2002; Jeong et al. 2011 ). According to Kim et al. (2002a) , N 2 O emissions in rice paddy fields under flooding irrigation were in the range of 0.31-70 lg m -2 h -1 . Furthermore, N 2 O emissions in rice paddy fields under intermittent irrigation were 115-143 % higher under flooding irrigation. Jeong et al. (2011) assessed N 2 O emissions in agricultural soils of Korea and they suggested that the N 2 O emissions by application of chemical fertilizer were 159,579 and 976,460 CO2-eq Mg from paddy soil and upland soil, respectively; the emission rate in upland soil was 6 times more than that in paddy soil. They suggested that the reasons for this difference may result from the amount of application and the emission factor. The N 2 O emission factors given by IPCC were 0.003 and 0.0125 in paddy soil and upland soil, respectively (IPCC 2006) . During the non-growing seasons of soybean (Nov. through March), the amount of N 2 O emissions in soil was less than 50 lg m -2 h -1 (data not shown). Although Ryden (1981) suggested that soils can act as a source and a sink for N 2 O, we could not detect N 2 O consumption during the investigations. During the growing seasons of soybean (June through Sept.), the monthly averages of N 2 O emissions were significantly different from each other. In July, N 2 O emission was significantly the highest, whereas, in September, its emission was the lowest (LSD, p = 0.05). The largest amount of N 2 O in July may be due to the following reasons: First of all, the air and soil temperature were increased in July (Fig. 2) . The microbial nitrification and denitrification may principally be responsible for N 2 O emissions from soils (Rochette et al. 2000; Barton and Schipper 2001; Azam et al. 2002) . They reported that many factors regulated these processes, particularly aeration, ammonium and nitrate concentrations, soil water content, soil temperature, and the amount of mineralizable carbon. Smith et al. (1998) demonstrated that exponential relationships between N 2 O flux and temperature were observed when soil mineral N was not limiting. Second, the N sources in soil were increased by the application of fertilizers in June. Bouwman (1996) reported on the connection between N inputs to agricultural soils and the annual N 2 O flux. The study showed that the variability in N 2 O fluxes was extremely high in both the types of N fertilizers and the application levels. The fluxes ranging between 0 and 30 kg N 2 O-N ha -1 year -1 were observed in plots with mineral soils. The results for the unfertilized control plots ranged from -0.6 to 4.2 kg N 2 O-N ha -1 year -1 . In our experiment, although the fertilizers were applied in August, N 2 O emission was the lowest in September. It seems that this may be due to the relatively low temperature and loss of mineral N from soil after heavy rainfall in August. This was similar to the results reported by Kim et al. (2010) that during the mid July to early August N 2 O emission was the highest in the cultivation of red pepper. It was reported that the variations in soil N 2 O emission were temporally and spatially observed (Kaiser et al. 1998; Williams et al. 1999; Cheng et al. 2006 ). According to Kaiser et al. (1998) , who studied the factors affecting N 2 O emission, the N 2 O emission rate was most highly influenced by the factor 'month', which indicated the importance of seasonal variability. Other factors changing the soil N 2 O emission rates were 'year', 'crop', and 'N-application', indicated by significant interactions. The influence of these factors was descended in the order of year, crop, and N-application. In our study evaluating the soil N 2 O emission in the cultivation of soybean in the loamy sand soil of upland soil in the temperate climate, its monthly averages were significantly different: the highest in July and the least in September.
Effect of fertilizer application on N 2 O emission
In this study, the effect of fertilizer applications on the soil N 2 O emission was evaluated through measurements of soil N 2 O emissions from chemical fertilizer treatment (CF), liquid pig manure treatment (LP), and non-fertilizer treatment (NF). The chemical fertilizer and liquid pig manure were applied to each corresponding treatment plot in the early August. As shown in Fig. 1 , the N 2 O flux was significantly increased in CF and LP after the application of fertilizer (p \ 0.05). In the chemical fertilizer treatment, soil N 2 O emission was about 27 and 26 % more increased in no-tilled and conventionally tilled soils, respectively. In the LP, soil N 2 O emission was approximately 14 and 12 % more increased in no-tilled and conventionally tilled soils, whereas soil N 2 O emission in the NF was about 21 and 16 % more decreased in no-tilled and conventionally tilled soils, respectively. These results were similar to those of other reports that soil N 2 O emission after the application of fertilizer was higher than that before the fertilizer application (Duxbury and McConnaughey 1986; Mosier 1994; Kaiser et al. 1998; Baggs et al. 2003) . However, the scale of emissions varies contingent upon the application timing and the types of fertilizer (Mosier 1994; Clayton et al. 1997) . Similarly, there may be significant differences in emission factors between different types of land use. On grassland, the reported N 2 O emission factors for animal slurry (Velthof and Oenema 1995; Chadwick et al. 2000) are generally much lower than those for NO 3 -N-containing mineral fertilizers. However, the arable soils typically have less easily available C substrates for denitrifying bacteria (Rochette et al. 2000; Barton and Schipper 2001) . As the effect of fertilizer applications on the soil N 2 O emission was evaluated in this study, the average amounts of soil N 2 O emission calculated on soil N 2 O emission measurements during one month before and after their respective applications were not significantly different between CF and LP. However, the rate of soil N 2 O emission was relatively less rapid in LP than in CF treatment (Fig. 1) . It appears that this may be due to the slow mineralization of N from the animal manure. In 2015, soil N 2 O emission was about 11 % less accumulated in LP than in CF (Table 4-A). Additionally, it was suggested that the replacement of inorganic fertilizer by the recycled use of N from the organic fertilizer such as the animal manure and compost decreased the soil N 2 O emissions in the agricultural ecosystems (Bouwman et al. (2010) . The results obtained from a Spanish soil with a sandy loam texture showed that the organic fertilizers lessened the soil N 2 O emissions by 27 % (pig slurry) and 74 % (compost) compared to the chemical fertilizers (López-Fernández et al. 2007 ). Vallejo et al. (2006) suggested that it was owing to the reduction of N 2 O to N 2 by denitrifying bacteria, which was enhanced by the injection of labile organic C. It was observed that N 2 O emission in the organic fertilizer treatments was larger than that in the chemical fertilizer treatment from an Andisol field (Hayakawa et al. 2009 ). The highest N 2 O flux was observed from the pelleted poultry manure treatment after a rainfall following the fertilization, and its cumulative emission was approximately 3 and 7 times higher than that in the poultry manure and chemical fertilizer treatments, respectively. These irregular results may result from the different components, mixing process methods, C:N ratios and soil depths, soil organic carbon, and soil texture (Huang et al. 2004; Van Groenigen et al. 2004 ). Also, it was suggested that the fertilization could not markedly influence the annual N 2 O emission in the organic soils (Maljanen et al. 2003) . In contrast, Stehfest and Bouwman (2006) reported that the added N was a primary cause of N 2 O emissions from agricultural soils. As a result of evaluating the effects of fertilizer application on soil N 2 O emission, the amount of soil N 2 O emission immediately after the application of CF was about 10 % higher than that of LP on the cultivation of soybean in the upland soils consisting of loamy sand soil in the temperate climate.
Effect of soil temperature and WFPS in soil on N 2 O emissions
During the growing season of soybean, soil temperature changed from 19 to 36°C, which was averaged at 26°C (Fig. 2) . The temperatures in the planted soil were somewhat lower than those in the unplanted soil owing to blocking direct solar radiation (data not shown). Waterfilled pore space (WFPS) in soil varied from 10.4 to 67.1 %, with a mean of 35 % during the growing season of soybean, and it was significantly (p \ 0.05) correlated with the amount of rainfall. There was no remarkable variation of WFPS between the treatments (Fig. 2) . In 2014, soil temperature is not significantly related to soil moisture content, and in 2015, soil temperature is related to soil moisture content (R 2 = 0.37, p = 0.0002). It has been reported that soil temperature, moisture content, and soil WFPS are closely related to gas emission from the soil surface along with the applications of N fertilizer (Arnone and Bohlen 1998; Smith et al. 1998; Dobbie et al. 1999; Fang and Moncrieff 2001; Sozanska et al. 2002) . Fang and Moncrieff (2001) also demonstrated that soil temperature, soil moisture content, and organic matter are critical factors controlling the CO 2 emission from the soil surface. Our study showed that N 2 O emission is significantly and positively related to soil temperature and the regression equations of N 2 O emission with soil temperature from the results of 2014 and 2015 are as follows: N 2 O emission = 14.57 9 Soil Temperature -186.63 (R 2 = 0.70, p = 0.0001, n = 32), N 2 O emission = 27.84 9 Soil Temperature -527.15 (R 2 = 0.37, p = 0.0002, n = 32). The results obtained from the study were compatible with the existing models of the development and growth of anaerobic microsites with increasing temperature (Smith 1980; Tiedje et al. 1984; Renault and Sierra 1994) . It was shown in this study that soil moisture content was related to N 2 O emission in 2015. The regression equation of soil moisture with N 2 O emission in 2015 is as follows: N 2 O emission = 13.73 9 Soil Water Content -37.65 (R 2 = 0.63, p \ 0.0001, n = 32). In 2014, we found that soil moisture content is not significantly related to N 2 O emission. The results are also supported by the following studies. Arnone and Bohlen (1998) demonstrated that N 2 O emission is positively related to soil moisture content. Dobbie et al. (1999) reported that, irrespective of the climate conditions, N 2 O emission is closely related to soil moisture content. Jian-gang et al. (2007) showed that N 2 O emission was significantly the highest in 20-30 % of soil moisture content and 20-30°C of soil temperature, respectively.
Effect of no-tillage and conventional tillage practices on N 2 O emission Kim et al. (2011) and Omonode et al. (2011) that the emission of greenhouse gas in reduced tilled soils was less than that in tilled soils. Kim et al. (2011) reported that, on the cultivation of cabbage, N 2 O emission was 33.7-51.8 % (in the spring cultivation) and 31.4-76.7 % (in the fall cultivation) more reduced in NT than in CT. Omonode et al. (2011) reported that N 2 O emission was 57 and 40 % more reduced in NT practice over more than 10 years than in the chisel tillage and moldboard practices, respectively. Also, it was reported that N 2 O emissions were reduced on the NT over more than 10 years (Kessel et al. 2013 ) and in the well-aerated soils (Rochette 2008) . This may be due to the sequential nitrification and denitrification by nitrifiers such as Nitrosomonas sp. and Nitrobacter sp. and denitrifiers in the optimal soil temperature and moisture conditions (Doran 1980; Williams et al. 1992) . It was found that the relative amounts of N 2 O and N 2 gases depended mainly on soil moisture, available C substrate, and NO 3 concentration during denitrification in soils (Breitenbeck et al. 1980; Linn and Doran 1984; Skiba et al. 1998) . Abundant soil moisture and available organic carbon could support complete reduction of low to moderate levels of NO 3 to N 2 gas, consequently reducing the net amount of N 2 O produced (Linn and Doran 1984; Ullah et al. 2005) . Furthermore, higher levels of NO 3 led to higher net N 2 O:N 2 emission ratios, because the reduction of NO 3 in comparison with N 2 O was more energy efficient (Breitenbeck et al. 1980; Ullah et al. 2005) . According to Pekrun et al. (2003) , it seems that during the period of transition from conventional tillage to no-tillage, the N immobilization accompanied slow soil organic matter turnover. Peigné et al. (2007) suggested that N availability for the crops was lower under NT than under CT. Moreover, others found that the higher application rates of inorganic fertilizer can be beneficial to the N uptake of crop during the transition period from standard to minimum tillage to account for the lower N mineralization rates (Franzluebbers et al. 1995; Malhi et al. 2001) . Some studies showed that N 2 O emission was greater in no-tilled soils than in conventionally tilled soils (MacKenzie et al. 1997 (MacKenzie et al. , 1998 Baggs et al. 2003) , but other studies reported that N 2 O emission was greater in conventionally tilled soils than in no-tilled soils (Jacinthe and Dick 1997; Lemke et al. 1999; Kaharabata et al. 2003) . Some researchers showed that N 2 O emissions were not different regardless of CT or NT (Robertson et al. 2000; Parkin and Kaspar 2006) . Since the effect of N 2 O emission is 310 times greater than that of CO 2 , its emission was relatively critically important in the global environment (Table 4 -B), i.e., the cumulative amount of N 2 O emissions was converted to CO 2 equivalents using the '100-year global warming potential' factors as follows: 1 kg N 2 O = 310 kg CO 2 equivalents (IPCC 2001) and 1 kg N 2 O = 298 kg CO 2 equivalents (IPCC 2007) . By converting N 2 O emission into CO 2 emission based on the calculations of GWP (global warming potential index), it is assumed that the NT practice can decrease the 0.05 kgCO 2 -eq/year, 0.04 kgCO 2 -eq/year, 0.06 kgCO 2 -eq/year, and 0.03 kgCO 2 -eq/year in the CF, LP, HV, and NF, compared to those treatments in CT, respectively. This study was performed with the cultivation of soybean in the upland soils of agricultural farm in Cheongju city of Chungbuk Province in the temperate climate. It was shown that N 2 O emission was significantly reduced in the different fertilizer treatments of no-tilled soils, compared to those of conventionally-tilled soils. It was shown in this study that the use of NT practice and LP, rather than CT practice and CF, can decrease the N 2 O emission. However, if the NT practice decreases the N 2 O emission and simultaneously the crop productivity, its application to the agriculture will be difficult. The research performed by Yang (2016) in the same project showed that although the plant height, dry weight, and fresh weight of soybean cultivated in conventionally tilled soils were higher than those in no-tilled soils, the soybean yields and N contents of its fruit were higher in the no-tilled soils than in the conventionally tilled soils. Therefore, it was shown that the cultivation of soybean by NT practice can increase its yield and decrease the N 2 O emissions. In the future, through the continuous studies on the NT and CT practices in the long term, the productivities of cultivated crop, physical and chemical changes of soil properties, N 2 O emission measurements, and its economic aspects will be evaluated and compared. In addition, more research is needed to identify the optimum combination of tillage and N fertilization practices to reduce the amount of N 2 O emitted from the soil to the atmosphere per unit of production.
